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NEEDLESS WASTE OF LABOR. 

THE GAS ENGINE, a great labor saver on thousands of farms 
on which stationary engines, tractors, motor trucks, or automo- 

biles are operated efficiently, is also at times the cause of a great 
waste of labor. Often large crews hired to help with thrashing, hay 
baling, cutting ensilage, etc., draw full wages for hours spent in idle- 
ness owing to inefficient handling of the engine. A man frequently 
will spend much more time and energy in starting a gas engine to 
pump water for stock, run a milking machine, or for some other* 
similar purpose, than would be required to do the work by hand. 
The time lost throughout the' country in this manner, enormous in 
the aggregate, is. to a great extent preventable. 

It is not desired to convey the impression that gas engines usually 
give trouble, or are difficult to operate, for' this is by no means the 
case. Delays from engine trouble are usually due to the operator's 
ignorance of some of the details essential to proficient operation. 
The purpose of this bulletin is to assist in conserving farm labor by 
offering some practical help to persons whose duty it is to operate 
gas engines. It is not intended as a course of instruction for those 
totally unfamiliar with the principles of gas engine operation. The 
aim is merely to call attention to some of the more common causes 
of trouble with gas engines, suggest a method of locating quickly the 
seat of trouble when an engine fails to run as' it should, and offer a 
sort of reminder in the form of a condensed trouble chart, which, it 
is believed, will frequently be of assistance even to the more experi- 
enced engine operator. The suggestions and information are gen- 
eral, no attempt having been made to make them directly applicable 
to each of the many types of engines. 

NOTE.—Acknowledgment is due to fciessrs. H. R. Brate, D. B. A. Drummond, and J. H. 
Mowry for valuable suggestions in connection with the publication of this buUetin. 
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USE ALL INFORMATION FURNISHED BY MANUFACTURER. 

All catalogues and directions furnished by the manufacturer 
should be studied carefully. If none are received with the engine, a 
request for them should be sent promptly to the manufacturer. It is 
to be regretted that a few manufacturers are rather lax in the matter 
of furnishing such material, although it is obviously to their interest 
to make use of this comparatively inexpensive method of assisting 
the purchaser to obtain satisfactory service from the engine. 

Any instruction book furnished by the manufacturer 
should be kept in a safe place, but convenient for 
reference. 

It is safe, to assume that the man who made the engine knows 
something about its operation and can give some information of 
value to the purchaser. In altogether too many cases, the instruction 
book and other literature intended to be of assistance to the user of 
the outfit are either thrown away or ignored completely, and not in- 
frequently a man is sent from the factory, or a local expert is hired, 
to make simple adjustments concerning which full instructions are 
given in literature furnished by the manufacturer but which had 
never been read by the owner. 

LUBRICATION. 

A large percentage of repair expenses is due to insufficient or im- 
proper lubrication. In far too* many cases owners of gas engines use 
grades of oil entirely unsuited to their engines, notwithstanding the 
fact that in each case the manufacturer has furnished a long list of 
various brands and grades of oil which have been tested and found 
suitable to the engine in question, and which can be obtained prac- 
tically anywhere in the country. 

Another common error is to use too little oil. It is poor economy to 
try to save on oil. On the other hand, an excess of oil in the cylinder, 
while better than too little, will cause carbon deposits, followed by 
loss of power, overheating, and preignition. Heavy, bluish smoke 
from the exhaust indicates that the cylinder is getting too much oil, 
but it is usually advisable to furnish enough to give at least a slight 
trace of bluish smoke. 

If the cylinder is oiled from the crank case by the splash system, 
the lubricant being used over and over again, the oil should be ex- 
amined frequently, and as soon as it becomes badly discolored or 
very thin it should be drained out and new oil substituted. Many 
manufacturers furnish directions as to how often this should be 
done. Filling the crank case with kerosene after draining out old 
oil, and then running the engine a few minutes without load, in order 
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to remove dirt and carbon from bearings and other parts, is fre- 
quently recommended. This is good practice where the crank case 
can be drained completely, but on many engines there are pockets 
which can not be fully drained, and the kerosene remaining in these 
pockets will thin the new oil. Under such circumstances the rinsing 
is of doubtful value. After such rinsing is done, the engine should 
not be run at full speed or under load until the new oil has had 
ample time to reach all bearings. The dirty oil drained off may be 
filtered and used for oiling other farm machines, but it should not be 
used again in the cylinder. If the oil in the crank case quickly be- 
comes thin it is evident that some of the fuel is getting past the 
piston rings. This seriously affects the lubricating quality of the oil. 
It should, of course, be replaced with fresh oil, and steps taken to im- 
prove the carburetion so as to form a fuel mixture which will burn 
more completely. 

KEEP ALL NUTS TIGHT. 

It requires but a minute or two to go over an engine and see that 
all screws and nuts are tight, at the same time wiping off any oil and 
dirt which have collected. This should be done at least once every 
day the engine is used. Such practice will go far towards preventing 
many operating troubles, since all gas engines vibrate to some ex- 
tent and this vibration tends to loosen bolts, nuts and other parts. 
This is always a potential source of breakdowns, if not of serious ac- 
cidents. Furthermore, loosening of parts often results in a loss of 
power. 

STOP,  THINK—THEN   FOLLOW  A   DEFINITE  SYSTEM. 

Everyone who operates a gas engine of any kind 
should learn first to stop and reason as to the probable 
cause of any trouble which develops. 

In most cases where an engine stops, loses power, or indulges in 
some other, irregularity, some indication of the cause will be apparent 
to anyone familiar with the outfit if he studies the problem intelli- 
gently. Such study will enable one to avoid needless tinkering with 
parts that are working properly. Even should the cause of trouble 
not be apparent after a little reasoning, no attempt should be made 
to locate it by a general change of. adjustments or tinkering done in 
a haphazard way, as this method will very frequently add to the 
trouble. 

A definite system should always be followed. 

Not only will this go far toward insuring success in locating the 
trouble, but it will, in nearly every case, save time-, for unless the 
trouble is a very unusual one it will be located in one going oveTé 
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Practically all experienced, operators, in hunting for the source of 
trouble with gas engines, follow, whether consciously or not, a more 
or less uniform system of tests. Just what order these tests should 
take will depend upon the particular make and type of engine ; the 
tests which can be made most quickly and easily should, of course, 
be made first. From the points mentioned in the following pages it 
is believed that any operator who does not already employ such a- 
system can readily devise one which will be best suited to his par- 
ticular engine. 

STARTING TROUBLES. 

Always bear in mind that for a gas engine to run it is necessary to 
have a compressed mixture of vaporized fuel (generally gasoline or 
kerosene) and air in proper proportions, which is exploded by a hot 
spark while the mixture is under compression. The spark should 
occur slightly before full compression, except in starting, when it 
should occur just after full compression has been passed. 

When an engine refuses to start, the trouble will, with a very few 
exceptions, be due to some interruption of the supply of the proper 
mixture of gas and air, or to a failure of the electrical system which 
furnishes the spark to fire the compressed mixture. It seldom happens 
that both systems are at fault at the same time, so the first thing 
to do is to find out whether one of these systems has ceased to work 
properly. 

The ignition system, on the whole, is more often the cause of trouble 
than is the fuel system, and it is usually advisable to test this first 
unless, on account of the construction of the particular engine in 
question, it is easier to make tests for troubles with the mixture supply. 

TESTING THE IGNITION SYSTEM. 

With all engines using spark plugs it is comparatively easy to 
ascertain whether the ignition system is working properly. Simply 
remove a plug and ascertain that the porcelain or other insulating 
material on the inside of the plug is not coated with carbon and that 
the points are properly spaced. One thirty-second of an inch is about 
the right space for most systems where a dry battery is used. This is 
about equal to the thickness of a worn dime. A wider gap will often 
make starting difficult, especially when the spark is rather weak or 
where a high tension magneto is used. In the latter case the best 
results will often be obtained when the gap is not more than one- 
fortieth or even one-fiftieth of an inch. Then re-attach the wire and 
lay the plug so that the metal base touches the engine casting, while 
the end of the wire and the metal tip of the plug are at least half an 
inch from any metal part connected with the engine and in such a 
position that the points are visible while cranking the engine.   Then 
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turn the engine over a few times (at least as many times as there are, 
cylinders) and note whether a spark jumps across the space between 
the points. It is not sufficient, however, merely to ascertain if there 
is a spark—it must be hot enough to fire the compressed charge in 
the cylinder. It is, of course, difficult to tell by merely looking at it 
whether the spark is hot enough or not, but if it is a heavy blue, or a 
bluish-white, or a " fat " yellow one looking like a small flame, it is 
probably all right. If very thin and greenish, or showing red, the 
chances are it is too weak to fire the charge. One may familiarize 
himself with the aspect of a good spark as follows : 

While the motor is in satisfactory running condition loosen the nut 
on the top of one j)lug while the engine is stopped so it will be easy to 
remove the wire from the plug after the engine is started. Then start 
the engine and, by taking hold of the wire where it is covered with 
insulation, move the end of the wire very slowly away from the cen- 
ter of the plug and watch the spark jump, closely observing jts color 
and thickness. 

It is also well to note the distance the spark will jump, yet not 
advisable to force it to jump too great a gap, nor should the end of 
the wire be allowed to rest in a position where the spark can not jump 
to the plug or the engine while the engine is running, as this tends 
to break down the insulation of the coil. In the case of high- 
tension magnetos there is no danger in this respect as they are fitted 
with a safety spark gap which the spark will jump, if for any rea- 
son the circuit is broken elsewhere. 

Knowledge of just how much of a spark one should obtain with 
each kind of ignition system is frequently of great value in locating 
trouble, and everyone who operates a gas engine should make the 
above-described tests while the engine is in good order. If one is 
not sufficiently familiar with the looks of a good spark to tell by 
mere observation whether it is hot enough, a rough test may be made 
as follows : Place a thin piece of dry carboard, such as an ordinary 
visiting card, or three or four thicknesses of dry newspaper, between 
the points of the plug while it is lying on the engine in the position 
first mentioned, then crank the engine. A good spark will jump 
through these, leaving a tiny hole. A spark which will not do this 
is too weak to jump the spark gap in the cylinder under compression. 

' If the engine is equipped with a make-and-break ignition system, 
in which an igniter block is used instead of a spark plug, it can be 
ascertained easily whether the entire system, with the exception of 
the igniter block, is in good shape by disconnecting the wire from 
the igniter block and snapping it across the comer of the engine 
casting or the end of the other wire leading from the coil. But even 
though this gives a good spark it does not necessarily mean that the 
spark is given in the cylinder when the engine is turned over.   It 
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may be that the points of the electrodes inside the cylinder do not touch 
each other when they should or are not making a good contact be- 
cause carbon, oil, dirt, etc., have accumulated between these points. 
Therefore, if a good spark occurs when the wire is snapped across 
part of the engine, crank the engine until the movable electrode is 
released and allowed to fly back. 

If one is not sure just when the points of the electrode should be 
touching, the engine may be cranked very slowly for two full revolu- 
tions while the end of the wire is repeatedly snapped across its connec- 
tion on the electrode. If no spark can be obtained at any position of 
the electrode, it is evident that contact is not being made by the points 
inside the cylinder (This is in case the other wire is grounded directly 
to the engine.). Sometimes the other wire is fastened to a piece of 
metal insulated from the engine, but which touches part of the engine 
for an instant when the spark should occur in the cylinder. In this 
case, if a spark can be obtained by bringing the ends of the two wires 
into contact it should be determined whether the insulated piece is 
making contact with the engine properly. 

If no spark is obtained at the plug or igniter block when tested as 
directed, it will, of course, be necessary to look over the electrical sys- 
tem in order to ascertain what is wrong. The electrical systems of 
various engines differ considerably and no definite instruction can be 
given for different makes, but some general points will be mentioned. 
First of all see that the «witch is in starting position. Much time has 
been lost in thousands of cases by trying to start the engine with the 
switch off. When the engine is one with which the operator is fa- 
miliar he will, of course, know the proper position of the switch for 
starting. In all cases where a battery of dry cells is used, the switch 
should be closed. Some engines, however, are started with a spark 
from a magneto, for which the switch is in starting position when 
open. 

Next, look over all wire connections to see that they are tight and 
clean. If the engine starts on a battery of dry cells see that all con- 
nections between, the cells are tight and that no short circuits are 
caused by the metallic portions of the cells touching each other, or by 
metal connection with the engine, or by tools lying on the cells, etc. 

• The small knurled nuts on dry cells frequently loosen from vibration 
and thus interrupt the whole ignition system. 

It is a good thing to keep an ammeter handy for use in testing the 
strength of the cells of a battery. In testing with an ammeter it is best 
to discard all cells that do not test over 12 amperes. A new cell should 
test between 20 and 30 amperes. If no ammeter is available, a crude 
test can be made by striking the end of a wire connected to one end 
cell of the battery against the first connection on the cell at the other 
(end. 
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Do not keep the wire in contact with the cell for 
more than an instant. 

Doing so will weaken the battery, but by snapping it quickly across 
the edge of the knurled nut a few times and noting the sparks, one 
can ascertain whether the battery is producing a good current. By 
making this test a few times with a battery which is in working 
condition, one can easily learn about how much of a spark should 
be expected. The sparks in this case will not be so intense as those 
produced at the spark plug by the coil, but when the wire is snapped 
across the milled side of the nut on the dry cell there should be a 
sputtering succession of tiny sparks. 

Another crude test by which one can soon learn to tell whether a 
dry cell is in good working condition is to touch at the same time 
with the tongue both the carbon and zinc connections on the cell. 
By making a few experiments with dry cells of various strengths, one 
soon is able to tell whether the cell is generating sufficient current for 
ignition purposes. There is absolutely no danger and no discomfort. 
There will merely be a slight tingling sensation and a sort of acid 
taste which will vary according to the strength of the cell. 

If the ignition system is one which utilizes the current from a 
magneto, and no spark can be obtained at the plug, though the wiring 
seems in good shape, the trouble may possibly be in the magneto. 
Present-day magnetos, however, are very reliable and not likely to 
give much trouble in this respect. In most cases where there is good 
evidence that the magneto is at fault, it should be taken to an ex- 
pert for repairs. An inexperienced person ^hould never attempt to 
take a magneto apart; this is a job for an expert, or at least a good 
mechanic who is equipped with detailed instructions for undertaking 
the work. There are only a few things which may be done safely 
by an inexperienced person to remedy a defective magneto, and these 
may be done without taking it apart. 

Sometimes too much oil will cause trouble by accumulating on 
the contact points in the breaker box. It is usually easy to examine 
these points and. see if they have oil on them ; are rough or pitted, 
or not opening properly. If oily, rinse with a little gasoline and 
wipe dry. If rough or pitted, the points should be smoothed with 
a file made especially for- this purpose. If such file is not avail- 
able a small knife blade may be used to remove the tiny tips of 
metal which have formed on the points and to round off the burred 
corners. It pays, however, to keep a suitable file on hand for this 
work, for pitted points are not uncommon, and unless properly 
smoothed up are liable to get into bad shape again very quickly. A 
gauge is generally furnished by magneto manufacturers to determine 
the proper distance between the points in the open position. The 
means of adjusting this distance vary with different makes of mag- 
neto, but are usually apparent upon examination. The points should 
separate about one-fiftieth of an inch.   An ordinary pin is about one 
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thirty-second of an inch in diameter and a fairly close estimate may 
be made using- this fact as a criterion, if no gauge is available. 

There is one other thing which the inexperienced operator may do 
to the magneto, and that is to see* that the commutator brush, which 
may be made of wire, gauze or carbon, is clean. Sometimes dirt or 
oil will collect on this brush and interfere with the electric current. 
The location of this brush varies on different makes of magnetos, but 
it is always located where it can be removed and cleaned easily. 

Aside from these two-things, however, the ordinary operator should 
not tamper with the magneto. There are few other things which 
may go wrong with it. These can be remedied only by an expert 
with special tools, etc., and it is extremely easy to do it harm. Sim- 
ply removing the magnets without placing " keepers " on them (iron 
or steel bars to connect the poles) will materially weaken them, yet 
this is something the inexperienced person frequently does. 

It is important that a waterproof cover be provided for the mag- 
neto, especially in the case of engines used out of doors, such as gas 
tractors, in order to protect the magneto from moisture- and dust, as 
either of these is likely to cause trouble sooner or later. 

During the past few years many stationary gas engines have been 
equipped with low-tension oscillating magnetos. Some of these- are 
mounted directly on the igniter block, and it is easy to test the spark 
by removing the block and tripping the oscillator with the means 
provided. In other cases it is necessary to remove the end of the wTire 
attached to the igniter block and wipe it across a metal part of the 
engine, at the same time tripping the oscillator. It is necessary that 
the end of the wire leave the metal almost instantly after the oscil- 
lator is tripped, otherwise the spark will not occur. A little practice 
will make this test comparatively easy. 

TESTING THE FUEL SYSTEM. 

When an examination has shown that a good spark is being ob- 
tained at the right time, the next step is to see whether the engine is 
receiving the proper mixture of fuel and air. Many carburetors are 
made so that it is easy to remove the cover and see whether there is 
gasoline in the bowl, and where this is possible it is the easiest way 
to determine whether the fuel supply is all right up to that point. 
Other types of carburetor have tight covers, but are equipped with 
small petcocks, by opening which one can determine whether a supply 
of fuel is available. 

If there is no fuel in the carburetor, either the tank is empty or 
there is some obstruction in the pipe line between the tank and the 
carburetor. 

To see that the carburetor contains a liquid which looks like gaso- 
line, however, is not enough, as water and gasoline look very much 
alike, and it is not at all uncommon for water to be present in the 
gasoline system.   Neither does this water always enter the system 
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when it is being filled, as is generally supposed. It is often the 
result of condensation of mpisture on the sides of the gasoline tank, 
which runs down and settles at the lowest points in the system. This 
may be in the bottom of the carbureter, in the supply pipe, or in the 
strainer, or settling chamber. Where strainers or settling chambers 
are provided, these should be drained and cleaned frequently, espe- 
cially in cold weather, when any water present may cause consider- 
able trouble by freezing. 

A petcock on the carburetor is a good means for removing any 
water which may have settled at the bottom of the bowl of the car- 
buretor, and which, when present, will cause difficulty in starting. 
When making a test in this way, it is usually advisable to allow 
enough gasoline to run through to make sure that the carburetor 
has a full supply, as sometimes a partial stoppage of the pipe will 
allow a small amount of gasoline to get by into the carburetor, but 
not enough to allow the engine to start easily. Allowing a half cup- 
ful of fuel to run-through it eliminates this possibility. It is easy 
to ascertain whether water is present in the carburetor by catching 
in a glass bottle or tumbler the liquid which runs through when the 
petcock is open. Any water present will settle at the bottom of 
the glass and a thin line will be visible between the water and the 
gasoline. 

It is not enough merely to have fuel in the carburetor; it must be 
mixed with the) proper amount of air as it is drawn into the com- 
bustion chamber. It sometimes happens that the needle valve is 
closed or stopped with dirt, and that while there is fuel in the car- 
buretor none can get into the combustion chamber. If the engine 
has a petcock leading into the combustion chamber, by opening this 
and cranking the engine a few times one can tell by smelling the 
escaping air whether gasoline is entering the chamber. The same 
result can be obtained by smelling the exhaust when the engine is 
turned over, or by removing a spark plug, closing the hole during 
the suction stroke and opening it during the compression stroke. 

By alternately opening and closing the needle valve, first being 
careful to note the original position so that it will be possible to re- 
adjust it if necessary, it is easy to see whether a different mixture 
will make the engine start. Or, when there is doubt whether enough 
fuel is entering the cylinder, a small quantity of gasoline (about a 
teaspoonful) may be poured into the combustion chamber through 
the priming cock or spark-plug hole and allowed to stand for a 
minute or two to vaporize and mix with the air before cranking the 
engine. If then one or two explosions occur and no more, it is an 
indication that only the priming has burned, and that fuel is not 
being furnished in sufficient quantity through the carburetor. 

It sometimes happens that too rich a mixture of fuel and air enters 
the combustion chamber, which is practically as bad as no fuel at all, 
as the rich mixture can not fce exploded by the spark.   This does 
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not often happen with a cold engine and with the grades of fuel now 
on the market, but it is not at all uncommon with a warm engine. 
There are several ways of overcoming this difficulty. Closing the 
needle valve and cranking the engine a few times will remove the 
rich mixture quickly and replace it with practically pure air. Re- 
moving a spark plug or opening a petcock leading into the combus- 
tion chamber and then cranking the engine slowly a few times, 
may answer the purpose, although as long as the needle valve is open 
some fuel will continue to be drawn into the cylinders. 

TESTING THE COMPRESSION. 

It seldom happens that the compression of an engine suddenly be- 
comes so poor through ordinary wear as to make it impossible to start 
with the methods commonly used. An open valve, however, will 
bring about this result. Anyone who has ever started a gasoline en- 
gine when it was in good working order should be able to tell at once 
whether the compression is entirely gone as soon as he undertakes 
to crank the engine. When compression suddenly fails it is prob- 
able that the cause is one of those shown in the trouble chart on page 
15, and the remedy is usually obvious when once the cause is located. 
The hiss made by the escaping air during the compression stroke is 
often enough to indicate the place where it is escaping. 

STARTING IN   COLD  WEATHER. 

It is important that engine operators familiarize themselves with 
the bad effects produced on gas engines by cold weather and with 
the easiest ways of overcoming them, for with such knowledge it is 
comparatively easy to start a gas engine in the severest weather. 

The cold affects starting in three ways: (1) it makes it harder 
to crank the engine, because the oil congeals on the bearings and 
around the piston and valves, (2) where a dry battery is used it 
weakens the spark, (3) it causes gasoline to vaporize very slowly 
or not at all, therefore makes it difficult to obtain a mixture of 
gasoline vapor and air which can be ignited by the spark. 

The congealing of the oil is not usually a very serious difficulty, 
although it may necessitate a great deal more effort in cranking the 
engine. A little gasoline or kerosene on all bearings which can be 
reached will help, and a liberal priming of gasoline in the cylinder 
will tend to thin the oil around the piston as well as aid in obtain- 
ing a good mixture, as noted below. 

Do not use kerosene in the cylinder to make the en- 
gine crank easier. 

It will interfere with the forming of a combustible mixture. Also 
where gasoline or kerosene has been used on bearings to make crank- 
ing easier, the engine should not be put under a load until the bear- 
ings have had time to get well lubricated again with good oil. 

The effect of cold on the ignition system will be noticeable only 
where dry cells are used, with the exception that where the engine is, 
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equipped with a timer which is oiled, the congealing of the oil may 
interfere with the contact of the timer, in which case a little kerosene 
or gasoline may be necessary to thin the oil. When dry cells are cold 
they become less active, and at extremely low temperature they will 
cease giving a current. Therefore a dry battery should be kept in a 
warm place during the winter when not in use, so as to be active 
when needed. If this has not been done it should be set in a warm 
place for several minutes before attempting to start the motor in cold 
weather. Never warm a battery by applying intense heat directly to 
the cells, but allow them to warm slowly. While in operation they 
will generate sufficient heat to keep them active. With cells which 
have been sealed in paraffin or other wax, care should be exercised 
not to expose them to a temperature high enough to melt the wax. 

The most serious effect of cold weather on gas engine operation is 
attributable to the fact that cold retards the vaporizing of the fuel. 
Gasoline as a liquid will not burn ; it must first be turned into a vapor 
and this vapor mixed with a certain amount of air. A thin spray 
of gasoline in warm air will quickly turn to a vapor and mix with 
the surrounding air, but at low temperatures a, considerable part of 
such a spray will remain a liquid, hence will not make an explosive 
mixture. The remedy is obvious. A greater quantity of gasoline 
must be furnished so as to give off more vapor in order to make a 
mixture rich enough to be combustible, or the air must be heated so 
the gasoline will vaporize more readily, or a combination of these 
expedients must be tried. 

If the weather is only moderately, cold, it is usually sufficient to 
prime the engine in some way, that is, inject a small quantity of gaso- 
line (about a spoonful) into the cylinder, ordinarily either through a 
petcock or priming plug, in order that more fuel may be present, 
hence more vapor. Whenever an engine is primed, a short time 
should be allowed for the fuel to vaporize and mix with the air before 
attempting to crank the engine. If this is not done the vapor will 
pass out a little at a time through the exhaust valve as the engine is 
cranked, and the priming will not serve its purpose. 

In very cold weather, however, priming with ordinary commercial 
gasoline will sometimes be insufficient, and heat must be applied by 
some means in order to produce vaporization of the fuel, unless a 
more volatile fuel is used for priming. A very satisfactory way to 
apply heat is to put some hot water into the cooling system, thus 
warming the cylinders and assisting in vaporizing the gasoline that 
is drawn in with the charge or injected as priming. In this case also, 
the engine should be allowed to stand a few minutes to permit the 
gasoline to vaporize. It is not necessary that the entire cooling sys- 
tem be filled with hot water ; if enough is used to heat the cylinders 
60 the engine will start, cold water may then be added until the 
radiator is full. This method, of course, will be practicable only 
with small or medium-sized engines; with some of the larger sizes of 
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tractors the amount of hot water usually available will have little 
effect used in this way. 

If only a little hot water is available, it may be more effective if 
poured slowly over the intake manifold, and the carburetor as well, 
if the carburetor is covered so no water can enter it. A very effective 
way of heating the intake manifold is to wrap a cloth around it and 
pour the hot water over the cloth, or dip the cloth in hot water and 
then wrap it around the manifold. 

If the manifold can be heated it will warm the air that touches it 
as it enters the engine; this warm, air will cause the» gasoline spray 
which it carries to vaporize. As a greater proportion of the air pass- 
ing through a small pipe comes in contact with the walls of the pipe 
than in the case of a large one, this method works best with engines 
having a comparatively small manifold. When depending upon heat 
from the manifold to warm the air the engine should, be cranked 
fairly rapidly, so as not to allow the warmed mixture to remain long 
in contact with the cold walls of the combustion chamber and so 
cause the vapor to condense into liquid again. 

There are frequently occasions when an engine must be started in 
cold weather under conditions where hot water can not be obtained, 
and in such cases some other means of applying heat must be used. 
Some people make use of a blowtorch to apply the heat to the intake 
manifold, or, by removing a spark plug or igniter block, heat the 
combustion chamber itself. 

The use of an open flame around a gas engine at ordinary tempera- 
tures is not to be recommended, on account of the possibility of fire. 
It always introduces an element of danger. 

One of the most effective methods of starting a cold engine, and 
one absolutely safe, is to remove the spark plug (or igniter block) 
and heat it in a fire or in the flame of a blowtorch, prime the engine, 
and then quickly replace the spark plug. The charge is almost sure 
to ignite. A drop or two of gasoline put on the inside of the plug 
just before replacing it insures the presence of vaporized fuel near 
the spark when the engine is cranked. 

Where, for any reason, it is impracticable or inadvisable to apply 
heat in any of the ways indicated it may be possible to heat a piece 
of metal pipe the size of the air intake of the carbureter then place 
this so all the air entering the carbureter must pass through it. This 
is nearly as effective as a heated manifold. Such a 'pipe may be 
made red-hot if desired. 

Another means of starting engines in cold weather, which is prac- 
ticed to a considerable extent, is to provide some very volatile fuel 
with which to prime it, ether or " high-test " gasoline being perhaps 
most commonly used. As these will vaporize at lower temperatures 
than ordinary commercial gasoline, they make it easier to obtain a 
combustible mixture. In using ether, care must be exercised not to 
use too much, as dangerous pressures may be created because of the 
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rapidity with which it burns. In many cases it is used mixed with 
about equal parts of gasoline. There is no danger in the use of the 
high-test gasoline. It is not quite so effective as ether, because it is 
less volatile, but it is being used with entire satisfaction by a great 
many engine owners. 

IMPORTANCE OF THOROUGH KNOWLEDGE OF GAS ENGINE. 

Because of the economic value of the gas engine for many kinds of 
farm work, and the fact that this machine seems destined to be used 
more and more for such purposes, it is highly desirable that at least 
one person on every farm where a gas engine is employed should 
understand fully the principles of its operation. The importance of 
this point can not be overemphasized. Excellent opportunities are 
offered to enable anyone to obtain an education of this kind. The 
various State colleges usually have short courses in gas engine opera- 
tion. These are conducted by thoroughly competent men, experi- 
enced in teaching, and usually with first-class facilities and equip- 
ment for this work. These courses are already popular, but it is 
believed that if their value was more fully appreciated by farmers 
the attendance would be very much greater. Numerous private 
schools also specialize in this line. 

For those persons who can not avail themselves of these oppor- 
tunities, there are excellent books on the subject, and various publi- 
cations with a large farm circulation carry " home courses " designed 
to reach these very people. A course of instruction under a capable 
instructor, with working models, is much to be preferred, of course, 
but if it is impossible to take such a course, it is highly advisable to 
spend a little spare time in studying the subject from books. 

TROUBLE CHART. 

There are nearly alwayá several different things which might pro- 
duce any one of the various troubles common in gas engine operation, 
and, as already pointed out? unless the operator takes time to reason 
the matter out, he is very apt to jump to a conclusion which is quite 
likely to be a wrong one. The exact cause of a trouble will fre- 
quently not be apparent at once even to the most experienced opera- 
tor, and the use of the accompanying chart showing the possible 
causes of the various irregularities will often save considerable time 
by acting as a reminder of such causes. With these in mind, a little 
reasoning, and perhaps a few tests, nearly always enable one to reach 
the correct conclusion. 
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TROUBLE  CHART  FOR  GASOLINE ENGINES;. 
Loss of power: 

Ignition: Spark occurring too late; spark weak because of partial short 
circuit or battery becoming exhausted; dirty spark plugs; poor con- 
nections ; dirty timer ; poor or broken wiring in case of magneto ; 
breaker points worn, oily, or out of adjustment; commutator brush 
dirty or oily. 

Fuel: Mixture too lean or too rich; supply pipe partly clogged; inlet valve 
not opening sufficiently due to wear; water in gasoline; leaks around 
intake manifold. 

Motor : Overheating in cylinder or bearings ; gummy, inferior or insufficient 
oil ; exhaust pipe partially clogged ; governor out of adjustment ; lack 
of compression, which may be due to worn, stuck, or broken piston 
rings ; scored cylinder walls ; leaks through and around head joints ; 
valves sticking, worn, pitted, or not seating properly because of dirt; 
in cold weather engine and cooling water too cold. 

Misfiring: 
Ignition: Weak batteries; poor connections; dirty timer; vibrator points 

pitted or dirty ; dirty or cracked plugs, points of plug not properly 
spaced ; make and break points not touching properly. 

Fuel : Mixture too lean or too rich ; gasoline passage partly clogged ; water 
in gasoline. 

Motor : Lack of compression ; valves sticky or not working properly. 
Pounding : 

Ignition: Spark too early. 
Motor: Red-hot carbon deposit in. cylinder; loose bearings; tight piston, 

due to lack of oil or lack of cooling water ; hot bearings ; loose fly- 
wheel; very loose piston (piston slap). 

Backfiring: 
Ignition: Spark too late. (If motor backfires and stops, spark may be 

too far advanced) ; short circuit on primary wire; wires to wrong plugs. 
Fuel : Weak mixture ; occasionally too rich mixture. 
Motor: Leaky or stuck intake valve; red-hot carbon deposits; leaky mani- 

fold or carburetor gasket. 
Explosions in exhaust pipe a : 

Ignition : Irregular ignition ; poor spark, or very late spark. 
Fuel: Mixture too lean or too rich. 

Overheating: 
Ignition: Spark too late, or very weak. 
Fuel: Mixture too rich. 
Motor : Insufficient lubrication ;. insufficient cooling water ;  circulation of 

cooling  water  impeded ;  pump  not  working  properly ;  heavy  carbon 
deposits in cylinder ; water chamber coated from impure water. 

IrreguJaf^speed : 
Ignition : Loose connections, or partly broken wire ; vibrator points rough, 

pitted, or improperly adjusted. 
Fuel : Supply to carburetor irregular ; dirt on needle valve. 
Motor : Governor gummy, sticky, out of adjustment or badly worn ; valves 

sticky. 
Smoke: 

Black smoke in exhaust indicates too rich a mixture. Bluish smoke indi- 
cates too much lubricating oil. Smoke from the crank case or open 
end of cylinder indicates leak past the piston; look for worn rings, 
rings stuck in grooves, or scoring on cylinder walls. 

a Often occurs just after starting due to first charges not firing in cylinaer and pass- 
ing through into exhaust pipe, where burning gases from first few explosions will ignite 
them. 
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